Chromosomal rearrangements of anaplastic lymphoma kinase (ALK) compose approximately 4-6% of nonesmall-cell lung cancer (NSCLC) and the patients can be prescribed with targeted therapy. Nevertheless, acquired resistance towards existing ALKspecific inhibitors is inevitable in most cases. This suggests that a detailed molecular characterization of NSCLC with ALK rearrangement and dissection of ALK-specific signaling pathway are strongly needed.
Methods: Approximately 3000 NSCLC cases with EGFR and KRAS wild types were screened for ALK alterations by immunohistochemistry (IHC). From the 158 ALK IHC-positive samples, we further validated ALK rearrangement through fluorescence in situ hybridization and RNA colorcoded probes. We then performed targeted deep sequencing using a customized panel embedded with 81 select set of cancer associated genes in 129 ALK-positive cases for their molecular characterization. Additional clinical analysis and drug viability assays between EML4-ALK long and short forms were assessed as well. We also conducted multiplexed direct mRNA expression profiling using a panel of 770 essential key driver genes that take part in most cancer pathways. Target gene silencing, overexpression, migration assay, and immunoprecipitation were conducted for functional analysis of identified molecules.
Results:
We found that most ALK genomic breaks occurred at intron 19 (92.7%), which conjoined with partner genes through non-homologous end joining repair system. ALK fusion profiling exhibited that 82% of fusions were EML4-ALK (129/158), 2.4% were HIP1-ALK (4/158), 1.8% KIF5B-ALK (3/158), 1 case was KLC1-ALK, and the rest were unrecognized ALK fusions (21/158). From the unknown partners, we identified 3 novel ALK fusion partners: GCC2, LMO7, and PHACTR1. We also identified 4 novel somatic mutations of ALK: T1151R, R1192P, A1280V, and L1535Q. RNA expression profiling further revealed that NSCLC with ALK rearrangement showed higher expression of ITGB3 with statistical significance. Combinatorial treatment of ALK (crizotinib) and ITGB3 (LM609 antibody) decreased cell migration and invasive properties of ALK-positive cell lines. Furthermore, from our new classification system of EML4-ALK variants, the cases with short EML4-ALK form showed more advanced stages and more frequent metastases than the cases with long form in NSCLCs.
Conclusion: This is the primary mass-scale study of ALK-rearranged NSCLC to our knowledge. Through this integrated analysis, we provide genomic details and clinical insight of NSCLC with ALK rearrangement. Also, we suggest a novel therapeutic approach of treating ALKrearranged NSCLC patients with ALK and ITGB3 inhibitors. Keywords: Genomic landscape, ALK, ITGB3, NSCLC P1.02-025 Evaluation of NGS and RT-PCR Methods for ALK Assessment in European NSCLC Patients: Results from the ETOP Lungscape Project
Background: The reported prevalence of ALK rearrangement in NSCLC ranges from 2%-7%, depending on population and detection method. The primary standard diagnostic method is fluorescence in situ hybridization (FISH). Recently, immunohistochemistry (IHC) has also proven to be a reproducible and sensitive technique. Reverse transcriptase-polymerase chain reaction (RT-PCR) has been advocated and most recently the advent of targeted Next-Generation Sequencing (NGS) for ALK and other fusions has become possible. This is one of the first studies comparing all 4 techniques in resected NSCLC from the large ETOP Lungscape cohort. Methods: 96 cases from the ETOP Lungscape iBiobank (N¼2709) selected based on any degree of IHC staining (clone 5A4 antibody, Novocastra, UK) were examined by FISH (Abbott Molecular, Inc.; Blackhall, JCO 2014), central RT-PCR and NGS. H-score 120 is used as cutoff for IHC+. For both RT-PCR and NGS, RNA was extracted from the same formalin-fixed, paraffin-embedded tissues. For RT-PCR, primers were used covering the most frequent ALK translocations. For NGS, the Oncomine TM Solid Tumour Fusion Transcript Kit was used, allowing simultaneous sequencing of 70 ALK, RET and ROS1 specific fusion transcripts associated with NSCLC, as well as novel ALK translocations using 5'-3' ALK gene expression 'Imbalance Assay'. Results: NGS provided results for 90 cases, while RT-PCR for 77. Overall, 70 cases have results for all 4 methods, with fully concordant 60 (85.7%) cases (49 ALK-, 11 ALK+). Before employing the 'Imbalance Assay', in 5 of the remaining 10 cases, NGS differs from the other methods (3 NGS-, 2 NGS+), while in the other 5, NGS agrees with RT-PCR in all, IHC in 2, and FISH in 1. Using the concordant result of at least two of the three methods as true negative/positive, the specificity and sensitivity of the fourth is 96/94/100/96% and 94/94/89/72% for IHC/FISH/RT-PCR/NGS, respectively (incorporating imbalance: NGS sensitivity¼83%). Imbalance scores are presented here for 18 NGS-cases: 9 'NGS-/FISH+/IHC+', 9 'NGS-/FISH-/ IHC-'. Among the 'NGS-/FISH+/IHC+', there is strong evidence of imbalance in 4 cases (score's range: 0.0144-0.0555), uncertain in 5 (range: 0.0030-0.0087), and no evidence (scores0.0004) in the 9 negative cases. Conclusion: NGS is a useful screening tool for ALK rearrangement status, superior to RT-PCR when RNA yield is limited. When using NGS, it is critically important to integrate the 5'-3' imbalance assay and to confirm with one or more additional methods in the 'imbalance' cases. Background: Detecting mutations is becoming important for both predicting disease progression and drug responses to treatment of cancer patients. Current mutation detection methods for cancer diagnosis are mainly based on the invasive sampling technique such as a tissue biopsy, but some patients may not available for this invasive procedure. Therefore, circulating tumor DNA (ctDNA) would be a good alternative for those patients. However, testing methods for tissue biopsy sample are
